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FOREWORD

This work provides a description of the Hultiple Fhore-
Breaking Wave Tranzformation {(HIBWT) computer model. Thisg
moadel predicts hoth wave hehavior (including wave impacts
af shove-breaking waves) and horizontal and wﬁ?%%&mt coastal
recession (i.e., dune erogion and profile zocoury for a design
stovm surge svent due to ztorm oy hurricane tmwmﬁTA The work
constitutes partial falfillment of contractuasl obhligations
with the Fedevral Coastal Zovne Management Frogvam {(Coastal Zone
Management fct of 1972, az amended) thvrough the Flovrids
Office of Coaztal HManagement zgubject to provizions of contract
CH-ET entitlied "Engineering Support Enhancement Progvam®
{DME contract wo. CO93T).  The work haz been adopted as a
Beaches and Shores Technical and Design Hemorandum in
accordance with provigions of Chapter 146833, F. a. .

af

At the time of submigsYon for contractural compliance,
James H. Balsillie war the Contract Manager, and administrator
af the AanalvesissResearvch Section, Hal M. Bean was Chief
o f Thﬁ Bureau of Coastal Data Lqu;ﬁtt;un, Deborah E. Flack
wazr Dirvector of the Divigion n} Beaches and Fhores, and
Dr. Elton J. Giszendannmer wagzs Exzecutive Divector of the
Department of Natural Resources.
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A MULTIFLE FHORE-BREAKING WAVE TEAMIFORMATION COMPUTER HMODEL
by
SJames H. Balsillie

fmalvsigsResearch fection, Buressu of Coastal Data Acquisition,
Divigion of Reaches and Shores, Florida Deparvitment of MNatural

At

Resources, 3I790 Commonwealth Bivd., Tallahazsee, Flovrida 32383,

ARETRACT

Stormg and hurricanes constitute dersign svents for the
arsessmant of coaztal wulnerability and degsign of coastal
gtructures. Such svents not only gensrate unugsually large
and potentially destructive waves, but also produce a
gignificant vise ivn the nearshore water level {(tervmed the
gtorm surge and lasting for the duration of the svent)
allowing the waves to itmpact the coast at elevations not
noarmally attained. Various nodels have been proposed
aas Commoaly termed "dune erosion’ sodels ... Toy predi
the responge of coaztal phygioggraphy to guch events. A
majior shortcoming of these modeling atltenpts, however, is the
faitlure o include conzideration of wave activity and its
destructive potential as the vesult of "dung eroszion”.

et ing

In this work, it is recaognized that the behavior of waves,
pavticularly shore~breasking waves, and a mobile physiography
composed of unconsolidated sand, ave inexiricably vrelated., @&
mechaniszm for onshare-offshore sediment transport is realized
in terms of longshore bhay formation which nat only provides for
the tempovary storage of eroded sediment, hut which iz a
hedform ubiguitousty reported to he foreed by storm waves.
Longshore bar formation can, in turn, be related to wave
conditions and an *equilibrium® bedform condition ig
zsatigfied. Further, longshore bav genevation iz repovited to
resuive plunging~type shore-breakers, which algo produce the
greatest destructive potential at the highest elevation.
Therefore, a model termed the Multiple Shore-Breaking Wave
Trangformation (MSBWY) computer model, is presented which
praedicts hoth phvsiographic response {(i.e., horizontal and
yartical recession) and the impact of littoval wave conditions.

INTRODULTION

I endeavors 1o assess design forces incident to our
shores and coasts and the responses expected thevreof, it
bacomes necessary to consider desian water level exztremes

{w.g., storm tides, astronomical tides, and sea level viged,



wave activity, wind conditions, and the mobile character of
subaerial and subagueous coastal topogvaphies. Such
assessments wight apply to the naturael envivonment such as
an itsolated barvrier igland.

For ingtance, the State of Flovida hag recently
fmplenented a program ("fave Our Coasts®) to actively pursue
purchase of cogastal havviers in the interest of presevvation,
Tvo view of the mobile nature of coasts comprised of
unconsolidated sand-sized sediments, the value of such
pavcels at the time of purchase negotiations would depend upon
how wvulnerable such parcels arve to the expected forces of
nature. If the majority of a parcel under consideration was
gxperiencing significant erosion (i.e., areater than 4 cubic
vards pev vear loss) and is highly vulnerable to the impact
af a design storm or hurvicane svent, the purchase might bhe
viguwed az sugpect in the interests of the tazpaver.

ity anather example, the State of Flovida through
Chapter 141, Florida Statutes, and Chapter 16B-33, Florida
godministrative Code, has the vespongibility %6 review propased
development activities adiacent to Florida's coagstline
feee Ralsillie et al. 1983, Regarding structural
éﬁv&topmeﬁf activities, the following discussion is provided.

& structure that g exposed or potentially in danger
of bheing exposed to wave action should be designed to
withstand the highest design wave expected at the site, i1
such a design can he economically justified. Such
Justification will depend critically on the frequency of

pxtreme events, such as wave height and period, and duration



af the storm or hurvicane, the damage potential of the waves,
and the alloted permizsible rigk., Wave conditions at a
coagtal locality also depend cvitically on the watey level.
Hence, & design still water level or mgan water level or a
vange of levels wmust be eztablished in order to determine

the wave forces to which a coastal structure will be
subjected. (U, J. Army, 19772,

While the preceeding is wise coungel, it is to bhe
vecognized that the advice gives much weight to hydraulic
phencomena with virtually no congidevation to the bathyvmetry
and ity potential mobility, in teras of other than the
cwater depth. Noting that wave chavacteristics and the water
depth are inextricably related, it must also be recognized that
consideration of the water depth iz not simply a matter of the
glevation of, or changes thereto, the fluid surface . The
heﬁauimr af a mabile Littoral bathvmetry is primarily &
function of the incident wave activitvy. Here, again, the
water level surface upon which the waves propagate iz a factor
but, primarily, only in—-so-much as surface @Lévatiﬁn changes
aftfect +the potential energy of the waves. The degree of
digtortion of waves introduces an important factor in the
abhility of hvdraulic forces to induce modifications to a mobile
Litdtoral subaqueous topography. For example, a mohile littoral
hathymedry can asgume radically different geometries depending
upon the type of breaking wave,

T this end, the velationghip between Littoral
hvdraulics and a mobile lLittoral hathvmetry becomes & pavamount

irsum, That studies ave often clazgified in terms of "the

Lol



effect of structures on waves" or of "the effect of waves on
structures’ {(e.q9., see the organization of the indexes of the
lagt ten veavs of procesdings of the intervational conferences
on coastal engineering), tegtifies to the prolifevration of the
genaval lack of undevstanding or advancement thereof. The fact
remaing, vegarding waves and their modifying influence on a
mobile bathymetry, that any change in wave characteristics will
induce an alteration in the hathyveetry, bhut at a lag-time
behind & change in the waves. In turn, bhecause of the
hathvmetric lLag-~time, the bathvmelry can impose congiderabhle
influential effect on the waves.

It is chvious, therefore, that to adequately assess
dezsign forces, holth the waves {(including water level changes)
and bathvmetry must he jointly considered.

With these congiderations in mind, the Multiple Shovre-
Breaking Wave Transformation (MEIBWTY Model has been designed
primarily for those low-lyving coastal aveass which will he
flooded by a degian stors hurricane gvent, in the attempt to
predict mxpecf@d'wave activity and forces incident 1o

and over inundated coaztal barviers.

FURFOSE AND SCOFE

The purpose of this report is to document the Multiple
Fhore~Breaking Wave Transformation computer model recently
developed and ingtalled on and driven by the Florida
Department of Maturael Resources, Matural Resources Management
Svystem and Fevvices (MEMESY TEHM 4341, Hodel Group II processor.

Fxplanation aof fthe scientific details of the model,



agther than in geneval descriptive terms, would take far more
space than can be alloted in thiz report. It ig to be noted,
howevery, that most of The specific scientiTic details ave

provided in existing documents {(e.g., see references).

THE MULTIFLE SHORE-BREAKING WAVE TRANSFORMATION MODEL

Backaround

The multiple shore~breaking hypothesis wag first
introduced by Balsillie (1980) and Balsillie and Carter (1780,
in which it was suggested that a shorve incident storm wave
spectra results in & wide shove-bhreaking zone. It follows,
since longshorve bar fTormation iz invariably azsociated with
staorms and storm waves, that the unusually wide shore~hreaker
tone 15 characterized by episzades of shore-brealking, wave
vaeformation, and vebreaking until the shore s veached,.

The formation of one to several longshore bavs is the
result, QiTh shore-breaking cocurving over the bar creszts and

wave veformation occurring over the troughs,

General Congiderations

Iv terms of force and rezponse elements, one of the most

]

comp lex environments on the earth's surface occurs at the
interzection of ocean, atmosphere and lithosphere. Thiz area
may be divided into zones ag illugtrated in Figure 1. Four
general zones may be identified ag offshove, littoral, heach
ard coast. The gffshore one lies sesward of normally
gxpected surf zone activity., The lLittoral zone encompasses
the arves in which sarf activity (i.e., ghore-breaking waves)

noocurs.  The beach or shore is defined to Lie belween the line



Beach Littoral . Offshore
Coast or Shore Zone Zone
vegetated

dune [or bluff]

/ breakers
’7rm /
7\ /\\g

e m——

profile

Figure 1. Cross-sectional illustration of the basic physiographic zones of a
typical coastal barrier.



of mean low water and the coazt. The coast Lliesz upland of
the heach defining the avea of marked chavge in relief
(e.g., bluffs and dunes) or of substantial vegetation.
Offshore and Littoral physicgraphy undergo continual
madifications ar incident wave conditions change, with Littoral
changes, pervhaps, the more pronounced. Where sediment is
avallable, & beach will be present. Beach dinmensions will
depend upaon sediment characteristics, availability of zediment,
and the seasonal incident wave climate. When sediment
guantities are in surplus, both beach and coazt dimengions will
increase. Given gufficient time, the coast through hydraulic
and eolian sediment transport processes, can rvesult in coagstal
cmnfigurafiéns of formidable magnitude (e.g9., high and wide
dunes and/or dune vidges).

A5 & storm approaches the shoreline, the storm—induced
vige in the nearshore water level causes stovm-generated
waves to sitvike the coast at elevations not normally attained.
The net result iz a vedigtribution of the sand storved as
"ropast" to some other location., This redistribution is
tevmed horizontal andsov wertical erosion. It ig to be
understood, houwever, that the extent of such srosion
foliowing storm impact is usually leszx than that which
pocours during the storm; that ig, a cevitain amount of
sediment recovery usually seems to oocur.

For a given gtore surge elevation and incident
gtorm-generated wavesr, Tthe model requives that attention is
given to sediment vedistribution realized in terms of a

probhahle subagsueocus equilibyiam bedform. A rveguirement of
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the model is that lLongshore bave congtitute this bedform,
thevebhy providing for the temporvary gtoveage of zediment

evroded from the coszt. Longshore bars gre natuve's owwn
proftection device gince they cauze waves to shore-break further
gffshore tharn waould narmally be eszpected, and by inducing
shore-breaking caure the greatest amount of energy digsgipation
that waves can experience and, should wave reformetion ocour,
significantly reduce the elevation of potentially desztructive
wave eneryy. The effect of longshore bavs on veduding
reformed wave charactevigstics hag been discussed by Carter

ard Balgillie (1984 and Balgillie (1%84h3.

Longshore bav formation has been attvyibuted to various
cauges {(g2.9., rshore-bhreaking waver, secondary waves, standing
waves, edge waves). In this work, Lonashore bar formation is
attributed to shore-breaking wave activity., Dolan ({783,
under the academic supervigion of r.o B, G. Dean at the
University of Delawave) investigated the ahove causes of
langgshore bav bhedfore genesis for smultibarvrved neavshores and
cone buded that shore-bvreaking wave activity constitutes the
primary generating agent, noting that the others may
contribute as modifying agents.

sgdditionally, it ig a vequivemaent of the model that
plunging shore-breakers form longshore havs. The twvpe of
shaove-breaker iz determined from the surf gimilarity
param@f@r,‘ibii“e;; wave steepness pavameter divided by the
square vooat of Jdhe bed zlaoped, according to the following

revised scale (Ralgillie, 1984¢).



£ 0,64, zpilling shove-breakers
gb G664 to F.0, plunging shore-bresakers {17

Y E.E, surging rhore-bhreakers

Longrshorve bavs ave considered to be able to form where

f.9 4 Eb ¢ 3.0, Uzing the surf similavity parameter, the
stose sloape of the longshore bar g evaluated in the reagion
of critical incipient shore~breaking. Determination of the
remaining segments of longshore bav geometry are discussed
hy RBalsillie {(19840h).

Flunging shore-hreakers are also considered to
congtitute the design wave. Studies (Miller et al. 1927V4a;
$974h; Miller, 1974) report that impact forces from
share~breaking and broken waves gignificantly excesd those
from non-hreaking waves., Highest impact pressures ocour in
post-breaking bores, with greater pressures occcurving for
plunger-generated %haﬁ for ﬁpiLLiﬂgwgﬁneraT@d hores.
Shove-breaking waves produce next highest impact pressuves
with greater pressures occurving for plunging than spilling
shore-breakevrs. The difference between breaking and
post~breaking pressures is the slevatiaon at which the maximun
hovizontal impact pressure occcurs. For post-breaking hores
the elevation is low, occurving near the mean water level.
For waves at shove-breaking, the elevation occurs in the upper
portion of IThe wave crest, well above either the mean water
level or the still water level. Eecause of the higher
eltevations assaciated with shore-breakers, in particular
plunging shove-bhreakers, this breaker tyvpe definers the

design wave condition.



During the course of develaoping the Multiple
Fhove-breaking Wave Tranzformation Model, it became olear
that, for wvariows reasons, exizting wave theovies do not
adequately allow for the prediction of the transformation of
waves during the shore-breaking process. In fact, with the
rﬁcmgﬁitiah that the ... ultimate limitation of any wave
theory hased on potential wave theory is given by the
condition at which the wave breaks” (Madzen, 1278), it was
appavent that invesltigation of the shore-breaking process was
needad. The need became particulariy clear If secondary,
tertiary, etc., shore-breaking spisodes following wave
raformation were to be adequately accounted fov. OFf
importance, wags the vecognition of the peaking of waves
during shore-hreaking, termed alpha wave peaking {(Halsillie,
P980), BResults from the investigations (Balgillie, {17983b,
{9R%c, 1983d, 1984a) provide for the prediction of wave
transformation {(e.a., bhoth total wave height and wave height
shove the still water tavel, wave levngth and wave speed? duving
shore-hreaking., Attenuation of refmrméd wave charvacteristics’
fi.@., height, period and length) following har-breaking are
described hy Balgillie (1984b).

While longshore sediment transport prediction seems to
have reached acceptable status, the zame is not true of
ghore-normal gedimaﬂf travsport prediction. Existing
anshove-offshore fransport models tend to azzume uniform
eneray diggipation. éuch an assumption, howevey, applies
only to spilling shove-hveakers with the additional cawveat

that spilling occurs across the entirvre littoral zone.

9



The approach s very atltractive, since sediment transpovt

prediction iz accamodated az a Tunction of & tractable energy

@

disgipation vate. If, howevevr, longshore bhars form during
stovrme, and if they must be formed by plungevs, the sole
congideration of uniform energy dissipation may bhe suspect.
In terms of sediment transport, submerged longshore sand
bars ave, in this work, considered to be formed due to the
combination of onzhore sediment transport along the bar stoss
and offshore trangport in the bar trough regionzg Figure 20,
The net vesult s the accumulation of sand occurving bhelween

the two processers, producing the longshore bar crest. The

hars, then, nolt only provide the bedform Tor temporvary
stovage of sediment, but provide the mechanism for wave
breaking. Wave behavior landward of a bar~hreaking episode
iz dependent, asgain, on the wave {(i.e., whether waves
vefarm or turbulent boves af@ maintained? and rediment
characteristics, and on whether the shore has heen rveached.
The forward speed of a storm ov hurvicane will greatly
affect the amount of ceastal recession. For instance,
Hurricane Floise which struck the panhandle coast of north-
west Florida in Septesber 197% had a forward speed of 23
knots at Landfall., The avevage Gulf of Mexico hurricane,
howesver, has a speed of 10 knots. Therefore, Eloise moved
acvozz the coast at & speed 2.3 times that which might hs
grpected. While Eloise ig rveported (Dean, 1983 1o have
produced & storm surge charvactevized by a 735~ fo 100-yvear
event, the erosion repvesents only a 20— tg Z0-vear ewent.

For thiz reason, various computer models (e.g., Kriebel, [982;

i1



(Plunging Shore-Breakers

Original
Profile

Bar trough-*l-'— Bar Crest —>|<— Bar Stoss Slope

Figure 2. Cross-sectional illustration of submerged longshore bar
formation. Bold arrows indicate direction of sediment transport.



Dean, 1983 have bheen developed incorporating a time series
storm surge elevation hiztoery. HMHote that if Eloize had

a forvward sgpeed of 19 knots, the storm surge resulting

would most probably have been different. It is not possible,
therefore, to gsinply correlate erosion guantities and storm
spead, and such wmodeling becomes complex.

The pregsent model assumes that az the stovm surge water
level accompanying & landfalling storm ov hurvicane vises,
there iz sufficient time Ffor longshore bars to form, since the
time required for stovm suvges to reach a peak may be measured

in terms of howrs. Hence, for a given pealk stovm surge lewvel
the offshore bedform configuration, depending on wave
chavacteristics, has a veal solution gince by definition the
hadform hag attained eqguilibrium. Howsver, coasgstal response
to gtorm ifmpact is auite a different matter since such
vasponse will be dependsnt on The.fime ovey which final
shore~bhreaking, reszulting rvunup, etc., directly impact the

coast. Coastal conditions which impose gignificant influence

section.

eneral Dezscription

The MEBWT model requives as input a peak storm surge
glevation, initial dynamic physiography {(i.e., onshore coast
and beach tapography, and offshove bathvmetry), and initiatl
wave characteristics fi.e., wave height and pevied). It isg
asgumed, based on the geology of coagtal Flovida, that

grantlometric congiderations are velevant to sand-sized



sadiment.

Feak storm surae elevations are available from a
variety of sources. However,. in Florvida, the numervicasl storm
surge wmodeling vesults of Dean and Chiu (1981a, 1981ih, 19824,
19820, 19838, 1983h) ave recommended for use. These results
represent a continuwing effort funded by the Flovida
Deparitment of Matural Resources to determine storm surge
levels for the State on a county-by-county basis. To date,
results are asvailable for Broward, Dade, Waltown, Massau,
Franklin and Chavlotte Counties (Table 1fA Where such
gtudies have not vel been completed, vesults from other
acceptable sources can bhe used.

nighore profit@ data may be independently introduced or
attamatically obtained from the Beaches and Shores Profile
Data Base (zee Table 2). QOffshove bathyvmetry is specified
accarding to a mathematical representation of available
measured nearshove bathvmeltry (Table 2). The wmathematical
rﬁwregentatianwfﬂruuﬁ, 1284; Dean, 19277; Hughes and Chia, 1978
ig fitted to measured data to vield & smooth, concave upward

prafile. The relationship is given by:

23

whevre d iy the water depth, ¥ iz the distance offshove, ¢

ig the rhape coefficient {(commonly vanging Trom about 9,12 to
2.98), and b iz an exponent {(demonstrated by Dean, 1977, to
have a wvalue of 273, The method is summarized by Balzillie

(1282a) with a compilation of values for as:and b for Flovida

data given by Balzgillie ({982h). MNewly acqguived and analvied

14
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informstion related to the stability of as over time is
presented in Appendix I.

Suppose, Tor exampls, that the initial wave height is
3.9 feet with a wave period of 6.9 gseconds. In addition,
et a surge elevation be +3.8 feet above datunm, as = .19 and
b= 273, and coastal and neavshore physiography a simple
geometry az illustrated in Figure 3.

When the initial wave reaches the point of incipient
share-~hreaking {(i.e., the bhed beging to influence the waves),
the method of Balsillie {(1983c, 1983d) is ewmploved to

transform the waves to the point of shove-breaking {a process
termed alpha wave peskingy. The gecmetry of the ensuing
Lemgseshore bav bedform, if it can form, is dependent on the
shore~breaking wave characteristice, 5uch.a5 those considered
in equation (i)Y and the attendant constraint that

§.9 = éb { X.0 to determine the slope and shape of %hé seaward
flank {ov stoss zlope) of the longshore barv, whevre the
shove-breaker must be plunging., Other gecmetric
characteristics of the lonwgashore bav, based on field
measurements include depth to the bar crest, depth to the bar
trough fronting the cresgst, distance from crest to trough, bhar
hase length and spacing, crest height, arvea of crest, and wave
raformation distance., Each charactervistic wust conform to
what iz known abeut longshore hars in ﬁaiur@,vif a har iy to
e formed by the model. In éddifion, the dispaosition of the
longshore bar ahout the ariginal profile must meet the massg
conservation congtraint., Thig iz an involved process, whereby

any material eraded from below the original prafile must

1%
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Figure 3. Example of longshore bar formation on a simple profile (surge = 3.0 feet) and resulting wave
conditions (Hi = initial wave height, T = wave period, Hb = shore-bredking wave height, Hr = reformed wave
height, and d = water depth).



gqual the amount lving above. Hence, the volume of zand evoded
from trough and bav stoss aveas amust bhe seguivalent to the
amount of zand contained in the bay crest.

Far the above exsmple, a longshore bar will form whose
crest liesy 252 feet offshovre (Figuvre 3) at a depth of -4.6%
feet. The waves plunging over the bhav crest will have an
average height at shore-breaking of 4.6 feet (wave period
iz conserved until after shore-~breakingl). HNote that if s
Longshore barv had not formed, the waves would have shore-broken
(acocording to the McCowan oriteriony 200 feet clozer to the
shorve. Reformed waves Tollowing initial bar-brealing will,
fraom Balsillie (1984b), have a height of 2.2 feet and a
peviod of 3.9 seconds. Thiz wave will, in turn, produce
a second lLongshore bar whose ¢rest isg 45 feet offshore wt a
depth of ~2.4&4 feet (har-breaking wave height of 2.46 feest),
prméuﬁing reformed waves with a height of 1.7 fest and periéd
of 1.7 seconds.

It is emphagized that the example used descvribes a highly
gimplified ceze. Novmally encounteved coastal physicgraphies

ﬁ%@ﬂder much more complex terminal coaztal boundary conditionsg.,
Since a pvimary purpose of the model is to determine final
shore-~breaking wave conditions, it becomes important to include
the wvarious kinds of boundarvy conditions that will be
encountered. These shall be discussed later in this zection.

Field data analvzed by Balsillie (1%984h) indicate
that the powsr curve fit can he applied to longshore bars, at
least in so far as delineating the depth-distance locations of

he bar crest and bav trough (Figure 4. A problem occurs
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with field data bhecause initial profile conditions orior to
tonggshore bhay formation are not known.,  However, the MIBWT
computer model, which regquivres initial profile specificaltion
From equation (2, war rvun for a gignificantly large vange

f wave height, wave peviod and stovm surge conditions.
fmalyzed results suggest that where longshove bars form
gxclurively on an initial smaoth offshore power cuvve profile

given by aquation (2, the following cen he ztated:

P 3 SR V2
il = 3 £ 4 tﬂs % bC > (3

in which dbc ig the water depth over the longgshore bhar orest,
xbc ig the distance to the crest from the shorelineg, as ig
the rshape coefficient for the initial smooth profile, and 5 is

the ztorm suvge elevation above datum, and:

2/3

where dbt ig the depth over the bar trough fronting (i.e., just

landward? the crest, and th is the distance to the

lonashore bar trouah amearsured from the shoreline. Equationsg

(3 and (4 arve wvery ugeful in the MIBWT computer model, since

they significantly veduce time requivements in fitting

Longshore bar bathvmeetry to the initial offgshore bhathvmetrv.
Pt oix impovrtant to also vealize that longshore bars are

high-pazs fillters to incoming wave enerygy, and that waves with

smallev heights and shorter peviods than those initial waves

which lead to the formation of & longshave hav, mayv pass aver



the bar crest with significant to no change in the wave
characteristics. To deal with such a gituation one would,
fivst, nesd to identify the storea-generated wave spectra
aszociated with a pavticular hurvicane and account for force
and response elementy of gach of the individual wave enevyy
peaks and ity frequency. There is, however, a simplified
attermative ... include in the analyvsis a significant
number and vange of forced wave conditions to ensure

that any pavticular event will he represented. The

MEEBWT computer model iz written to accomodate zuch

an approach.

Asguming design wave conditions are coincident with the
{9%-vear return storm surge accompanying a8 hurricane, the
wavas are considered to be forced (HMoners, 1974; Ralsillie,
@t al. 19764, That is, they vemain under the generating
wind fovces of the storm ag it moves onshore. By =zpecifving
the initial wave hejaht, Hi’ the associated wave periocd, T,

is aiven by:
T = 14 (Hifg)o's (5

in which g iz the acceleration of gravity (note that the
HEBHT computer model may be run using any specifisd wave
height and period combinationy.

Mgarshore hed response during a storm and the effect of
zuch hed response on the incoming wavers is an integral part
the MIBUT wmodel, since an offzhore incident in terms of
hed-wave or wave-~hed intevaction will affect force-response

outcomes in the shoreward divection. By emploving such an

24



approach, the ultimate aim of the MIBWT model ix to predict

forces and responses ocourving at and foliowing the Tinal

shore-hreaking pasition. &t this point, however, conditionsg

can hecome complex depending aon the initial coastal
physiography and the degree of physicgavaphic response
coecurring during the courze of %h@ impacting event. Thisg
ig tevamed the “fterminal coastal bhoundary condition® which
can generally be identified by the following categories:
1. ivundated profiles, 2. breached profiles, and

R non-floaded profiles. Fach care 15 iLilustyrated in

Figure 5,

Inundated Frofiles

Many portiong of the coastal bavviers of Florida will

flocded by the storm surge accompanvying a design 190-vear
hurvicane. Thogze low-lying coastal barviers of the Lower

Floridae Gulf Coast ave particularly vulnerable, wheve

7

inundation of a substantial magnitude {(from % 1o 7 feet of

bre

water, depending on local conditions) can ococur. Such water

depths facilitate the continuned inland propagation of stovm

genevated waves which not only result in zediment

vedistribution, but which can potentially impart highly

destructive impacts at elevations significantly higher than
the stovre zuvage upoan which they propacate. When assessing

coartal wvaulnegrability and desgiogn solutions for such areas,

becomes necesgsary to congsider both vertical vrecession of
beach and coasxt and impact patential of wave activity.

A oexamp le of the application of the HSBWT computer

i .l.

the



INUNDATED PROFILE

- MWL

BREACHED PROFILE

Figure 5. Cross-sectional illustration of the basic kinds of profiles
resulting from storm impact, delineating the basic categories of
"terminal coastal boundary conditions" considered in the present study.



madel for a fully inundated profile (gtorm surge elevaltion
af 13,1 fest MOVDY g given ivn Figure Sa. Svmbols ured in

s
i

Figure & are defined in Figure 7. The eroded profile
swaward of the lLine labeled a, represents the bav

trough depth elevations., In addition, since the profile ig
inundated, overwash sediment transport may be expected
{additional digcussion of overwash processes (s given in
the zubgection on hreached proafiles). In Figure éa onshore
averwash iz reprezented by the erozion aof area ABLC which is
depasited ag area CDE. It is empharized that the evazion
profile doss not represent the pagt-storm profile, gince
some recovery g expected ag the stovm surge recedes.
rather, the svaded profile examples of Filgure & represents
design vertical vecession during impact of the event.

Tt isx also important to reatize that the eroded profiles
of Figure &, do not necessarily represent the maximum evosion
pussible. MacDonald's (1977 fictional account of an inlet
forming along & low, narvow portion of @ bavvier igland is
nat without substance. Many of Flovida's natural pagses have
heen attrihuted to formation by hurrvicane impact. Therefare,
in addition to results given by analvses of Figure 6,
geologic/aramorphic congiderations wmust also be applied.

Last, and foremost, iz the goal of the MIBWT model:
tg pradict the shore-breaking wave activity (match Figures &
and 7). The amount of the wave lving above the still water
level, depicted in Figure &, iz given by Balgillie (1983d).
Statistical moment shove-breaker velationships for maximum and

sigrnificant wave heights are given by Balsillie and Carter

o
an
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. Crest elevation of the maximum
.—-4-—-_"-_'—’"_ - P
] shore~breaking wave.

Crest elevation of the significant
shaore~breaking wave (i.eg., average

.- P RN ——— .;4\\\\\\§of the highest 1/3 shore-breakers).
H‘\\\\\\\Crest elevation of the average of

b= .-

all shore-hreaking waves.

Crest elevation of the wave
reformed from a previous
shovre-hreaking episode (from the
average shore-breaker height).

Storm suvrge still water level.

Original topaography and/or bathyaetry.

[ » o
ot T M. _ht/////ﬂ Erosion profile (includes effects of

both horizontal and vertical
recessionl.

1440 200

Figure 7. Explanation of symbols used in p}otted results from the Multiple
Shore-Breaking Wave Transformation computer model.
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Moar-F Looded Prbf%iﬁﬁ

Dune evogion, more nearly defined by the ters hovizontal
Y
1

recession, ocours where the coastal profile is not inundated
by the storm surae. Thisg situation ig clearly different from
the case of proafile inundation and vertical recession
previously discussed. In the present case, a portion of the
taast remainsg ahove the storm surge level. Hence,
gravitationsl forces ave introduced and one must deal with
geological topographic mass wasting processes.  With

the aszumption that one ig dealing with highly mobile,
unconsolidated, sand-gized gedimeﬁf‘cmmprigiﬁg the coastal
dunes or bluffz, and that the natural angle of repose

af sand is abaout 30 degrees

(gfeepev it the sand is fully
gsaturated, but cevtainly no steegper than the vertical), then
gne can eazily understand that only relatively fTew
shore-hreaking waves or broken borers need impact the bhase of
an exposed sedimant escarpment to cause mass wagting., The
vesult ix a local topogvaphyically derived contribuation of
gand into the watey column, which then becomes subject to
redistribution by the waves and wave-gensrated currents.

Far a given peak storm surge water level increase, the
MSBWT model predicts horizontal recession of the coast
{i.e., af the dune or bluff bés&d on dgint congideration of
allowable coastal erosion and wave vunup. For purpoazes of
discuzsion (i.e., mnodeling procedures are vather move
complicated in replicating asctual processes), the "sink" for

sand eroded from the coast is the bar trough lying between



the giorm shaorelineg and the firet longshore bar crest. The
harv trough avea, then, constitutes a measurs for the allowable
amount of material that can be eroded from the coasgt., Wave
runup is dependent on the final shore-breaking wave
charvacteristics (Ralgillie and Carvter, {19801,

Duneshluff hovizontal recegsion prediction iz based on
the assumption that there is sufficient time for the profile
to attain an equibtibrium configuration (refer to earlier
digcussion of Hurricane Floize). FExamples of horizontal
recession of non—inundated coastal profiles, representing a
ranae of coastal topographic scenavios, are Illustrated in

Figure 8.

Breached Frofiles

Thig profile category (see Figure 3) includes aspects
congidered for both flooded and non-floocded profiles.  Once
a dune {or other vulnerable coaztal feature) has been
hreached dus to hovizontal recession in which sand g
tranzported offshore, onshore sediment transport may ocour
due to overwazh {(or waghover) processes (e.g.., Schwavtz, 1975;
Leatherman, 1976, 197%7; Leathevman, Williams and Fisher, 1977;
Leatherman, 1979, 1981).

Overwagh transport is considered in the medel to be due
Largely to wave and bore activity. The amount of sediment that
may bhe involved it overwasgsh s dependent upon a number of
factors including the amount of sediment and wave snergeticy at
the site. Several examples vesulting from the MEBWT model ave

iltuagtrated in Figure 9.
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Example of results from the MSBWT computer model for a non-flooded profile in
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Figure 9a. Example of results from the MSBWT computer model for a breached profile in
Nassau County, Florida.
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Famayks

Several comments regarding the MIBHT model would appear 1o
he appropriate. The best information from which to calibrate
numerical modeling of the type presented in this work, would
he actual field measuvements. Unfortunately, except for
Murricane Eloise of 197% (Chiu, 1977; Ralsillie, 1983s;
discussed earliery, there ig virtually no such data of the
variety and type suited for calibration purpogﬁéa There are,
however, alternatives. In this work, onshore-offshove
sediment transport i vealized in termy of bedform genesis
{i.e., longshore bavsz) due to wave activity. HMHence, sand is
redistributed in aggregate vather than uging an
onshaoreg-offshore transport appvoasch which has, azx vet, not
veached acceptable statugs., The additional advantage to thisg
approach is that wave activity {(pavticutarly, shove-breaking
wave acfiuity} can be assesged for dezian purposes.

Various processes are nolt presently or extensively
congidered in the MSHEET madel. In part, the lack of
congideration iz due to the Lack of quantification
required for ingtallation into the model. These include,
for example, washover processes (e.9., Leatherman, 1977,
§978, 19810, sediment liquefaction (g.g9., Ieevasrt,

1983, 1984, and attenuation of wave height and curvent
speed dus to coastal frictional elements (g.g., Chriztenzen
and Walton, 1980; Wang, 1983). Exizting progrvamming will
need tTo be updated ay new advancements quantifyving coastal
processes such ag these hecome available.

It iz necessarvy to again stregys that the evogsion profiles

L
."0



pradicted by {the wmodel {ar presently depicted on the plots)
REFRESENT PRE-RECOVERY STORM IMPACT CONDITIONS. That ig,
some post-impact recovery is5 to bhe sxpected for most profiles
as the storm produced water level vecedes. The eroded
profile configuration does represent, howsver, a design surface

in terms of a predicted "stable bed elevation’.

THE COMFUTER MODEL

The Multiple Shore-Breaking Have Transformation computer
model is wreitten in the a&PL lLanguage. This language iy
pgpecially suited to numevical apprmath&g vequived in
seientific and engiveering applications., While AFPL has been
variously reported to require additional mainframe resources
relative to other languages such ags FORTRAN, it is move vobust
and ﬁfrafthfmrward in dealing with sophisticated mathematical

applications.

Organmization

The general organization of the MEBUT computer model is
i Llustrated in the flow chart aof Figwe 19, PFrogramming iz
crganized at four levels: i. input functions, 2. data
managoement Ffunctiong, 3. coastal processes functions, and
4, output functions. & complete listing of functions written

v the author g given in Appendiz IT.

Iriput Functions
Three tvpes of dats inpgut optionz are available.
Fyaprution of the function INFUT allows the user to input new

anshore profile topagraphy. Other information reguested hy

40
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Figure 10. General flowchart of the Multiple Shore-Breaking Wave

Transformation (MSBWT) computer model.



the function, for computational and adminigitrative purposes,
iz proavided hy preparing a specially designed data input form
(Figure 4. The function INFUT has heen designed to
specifical ly addvess the needs of the regulatory engineerying
statf in asrsesszing coastal construction permit applications
purzuant to Florids regulations {(Chapter 16833, Florida
Adminigstrative Codel.

The function COUNTY allows the user to awtomatically
acceszy proafile data maintained on the Beaches and fhoresr data

hank (see Table 2 Ffor inventoryd. The data {5 accessed by

3

specifving the county, profile nusber, y@ar-mf survey, and
zurvey tvpe {(ocontral Lline zurwvey = QULCL, post-storm survey =
FOST, condition survey = COMD, and special survey = SFECY,
angd executed by specifying a storm surge.

The precedfﬁg input functions accomodate a wide vange of
incident wave conditions (it.e., wave heiaht-period
combhinations) for a given stovre surge. The function JHEREMO,
howevery, (s a demonstration function for a gingle incident
wave height and period, and storm surae condition.

The funciion is paviticularly useful to demonstratlte how the
MSBWT model works, and for inspecting model behavior where
caastal profile tevrminal boundary conditions méy he

uniiquely complex. The MSBWT computer model could not have
heen developed without JHRBRDEMO; its use will be rvequived for

future enhancement and debugging of functiong.

Gata Management Functions
Little needs to be stated about these functions, other

than that they are necesgary for obtsining and organizing
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Figure 11.

Data input form where new profile data is to be assessed by the

MSBWT computer model.



data arvavs for ugse by other functionsg.

Coastal Froceszes Funcltions

Thig clasy of funcltions describe the various coastal
processes velated to the model. The attempt hags besgn mades
tag isolate each component process and boundary condition, by
making each an individual function. This approach hag been
followad to facilitate future progrvramming modifications arx new
srientific advancements become avallahle., The functionsy are

descy ibed in appendiz T1.

MTutput Functions

These functions prepare the final data for plotting and
Listing., In order to obtain final results, additional IRM
graphic and file mariagement systems software is utilized

{vee Appendix TI).

Femar ks

It iz to be noted that because the MSEHT computer model
bas very recently been installed in production sode (in
Fehbruary 1984), it ghall vemain in "debug" and
research/deve lopnent status for months to come. HWhile the
AFL language is capable of being very efficiently written,
reasssessment and rewriting of functions will not be vealized
until aftter d@bugging har been completed. Some functions
{g.g., coastal processes functions) will remain perpetually
in reseavchs/development status v anticipation of future
seientific advancements. Thev should remain logically

gimple and straightforward to facilitate modification, vather

44



than written zo efficiently as to become intractable code.

Fasults

The following outpult formats ave available from the MSBWT
computer model. The format of final plotted vesults has been
iltustrated in Figures &, 8 and 9, with a standardized key to
symbols given in Figure 7. Actual-gsize plots have a set sire
where the horizontal axis scale is zet at 1 inch = 30 feet,
and the vertical axis scale iz 1 inch = 10 feet (with
sxtended tic marks every 172 inch)., This format s designed
to facilitate drafting of additional engingering
considerations, such ag projsct dimensions aﬁd elevations.
Ligted output (pertinent input information, administrative
data, and recession results) are printed in standard format
(Figure 12). Onshore profile data are listed in a thivd report
(Figure 13), and are referenced to bhoth the shoveline and
ta Flovidae's Cosstal Congtruction Control Line (CCCL) .

an example of results from the demonstration function
JHEDEMO are illustrated in Figure 14, with numerical values
ligted in Figure i3, Figuvre 14 depicts the original measured
prafile. The particular case illugtrated in Figure 14 iy for

Hurricane Eloise (Walton County, Florida, Septeaber 1973).

MOTE - The citation of trade names in this document does not
congtitute an official endorszement ov approval of the use of

such commercial products.
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Figure 14. Example of results frbm the demonstration function JHBDEMO. The bold
solid Tine represents the measured pre-storm profile, the bold dash-dot-dash 1ine
the measured post-storm profile, the bold dashed line the predicted erosion
profile (during storm impact prior to any post-storm recovery) from the MSBWT
computer model for a storm surge given by the single dash-dot-dash line (in this
case the storm surge level does not include effects of the dynamic setup which is
computed suing additional considerations). The remaining line represents the
crest elevation of the wave as alpha wave peaking over the longshore bar crest
occurs and the wave reforms following bar-breaking. Example is for data from
Hurricane Eloise of September, 1975.
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Figure 15. Listing of numerical results describing the plot from

function JHBDEMO.
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AFFENDIX T

Praliminary Investigation of Fhape Cosfficient (aS}
Bahavior Over Time.



Fower curve reprvesentation of squilibrium offshore

proafile geometvy has received congiderable attention (Bruun,

fem4, Dean, 1977), particulaviy in Flovide {(Dean, 1977;
Hughes awnd Chiw, 1278; Balsillie, 199Za, 1982bY. The

mathematical representation iz given by:

in which d is the water depth, x isg the distance offzshovre,

ag 1§ the shape coefficient, and b is an exponent tevmed the
seale cogfficient. Dean (1277 found that the gcale
coafficient, b, has a theovetical walue 273, which iz
supported by phvsical data. Hughers and Chiu (1978 found
that for Florida, the equation adeguately vepresents profiles
o oabout 1200 feet offshore. Uging this nethodology,
Balsillie (1982a, 1982b) compiled standard offshore profile
tables for Flovida, for uge in scientific and enginssring
applicationsg.

Daspite thisz work, nothing is known about how the values
of g, and b might behave azx a function of time because of the
tack of repeated profile survevs. Howsver, a congidervabls
amount of szuch datg Ps now available. Thiszs data has been
heen measured, reduced and computerized ag & part of the
continuing field data collection effort of the Bureau of

Croastal Data Acquigition, Divigion of Beaches and Shorves,

Flovida Department of Natuvral Rezouces.

Dineese thiz g a first analytical attempt, 11 15 aszumed

that b = 2/%, za that the only variable fto he inspected iz dg



The shape coefficient iz calouwlated using the "divect melthod”
Cioe., eauation (42 of Balgillie, 198232, and only offshore

profiles with lengths extending at Lesgst B09 feet offrhore
ftoutoft point of 1200 feet) were selected Tor analvysiz.

Tuelve surveys are new available for comparison, represgenting
pver 499 profile paivs; the time heltwesn surveys vranges Trom

2 to i1 vears. fmalvtical vesults are listed in the Table,
Tata arve platted in the figures for surveys in Maszau,

Martin, Charlotte, Lee, Franklin, and Walton Counties, Flovida.
A omoagt steiking feature of the plots g that rvaedical changes
artd behavior of the walue of dg DLOUTE at inlets, and alt capes
oy pointsy where the shoveline azimuth changes zignificantly.
Hence, dg @PPERATSE to correlate well with plan-vigw

shoreline phyvsiography. Additionally, the averags abzolute

difference of dg hetween surveys is quite small at 9.918

which g an order-af-magnitude legys than the obgssrved range
- YT

i a CFram ahout 9.80% o 9.2% for ocean fronting bheaches).

The standavd deviation of the absolute differences ix alsa
small. One miaght expect such value to be even smaller should
data around the inlets not be included in analysig. It ix
sugaested, therefore, that the value of e hetwsen survevs
doey not significantly change for survevs up to a decade
apart {(note that the affect aof gtovrms are to some extent
inciuded in the datal.

The vesults of this investigation are certasinly
praelisinary. Additional statistical analyzis is needed. The
rasults are ogpltimistic, pavticularly becaure of the apparvent
covrelation hetween plan-view shoreline phygsicgraphy and fg o
Regarding these lszsues, further study iz warrented.
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AFFENMDIX I

AFL Fyogramming

(afl. functiong and wvariables listed in full
have been written by the author. atl other
functions and variables are copvyrighted
property of I1BM and are not listed.)
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LIST OF FUMCTIONS FOR THE MULTIFPLE SHORE~BREAKING WAVE TRANIFORMATION

MODEL. -
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[21 ~ Requests input data except for storm surge information.
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£33 'OFFSHORE PROFILE:!

L& 'Enter Exponent:’

71 FOW, 2+3

[8] 'Enter Shape Factor:!

[9] FOWE1 3O

L1061 'Date of Survey:'

Lit1l OQOFFDATE«N

[P b o o oo o ettt ottt 0 o o 5 e s e e e

Ei3] (3]

[14] L2:'ONSHORE PROFILE DATA:'

[153] '‘Enter distances measured from ovignal shoreline at § NGVYD!
rié] {Entter in ascending numerical ovrder in feet):'

471 XOF«X0ORGeO

181 XOFP+"{xdXOP

[197 XORGe™1{xOXORG

[20] 'Enter elevation corvesponding to distances just specified (Ft NGVD):.*
[2497 YORG+{

[22 YORGeDYORG

[237 =Lix(pXORGI#pYORG

[2431 ’'Date aof Survey:'

[253 ONDATE<D

L2467 'PFrofile Type (Fre-Const or Fost-Const):!

[27 TYFEFR+D

D28 b e oo o ot e et ot o et £ e o B o 2 i o ot o e o e |
’:293 L |

[30] 'DNR REFERENCE MONUMENT INEO:' *

[34] *Enter DNR reference monument number {e.g., R-248):'

[32] FRANGE«D

[33] 'County Name:'

[343 CgO«N

[35] "Enter distance that range line is from the reference monument:'

[36] '{e.g., N300 indicates range ig 300 feet novth of specified monument):'
[37] DiReD

[3871 'Enter distance from the vnormal existing shoreline to the CCCL in feet:'
[3%]1 DISTeD
L4667 '~——=———— o e et £ e ot e !

[41] E I |

[427 'ADRMINISTRATIVE INFEQ:'

[43] ‘Enter File Number:!

£443 FILE+«D

£457 'Futl name of the engineer responsible for the input data:!
[487 NAME«D

[47] STORMTIDE

[483 29
£497 Li:'HEY ..., YOU HAVE NOT ENTERED THE SaME NUMRER OF'
[563 ! DISTANCES AND ELEVATIONS.®
[543 =L2
<
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[i] » PURPOSE OF FUNCTION: REQUEST STORM SURGE INFORMATION.

EEJ T e e vvse oues <ase ovam sova s2em Svom 006 Sors oove Serm Sevq Hond 2004 4ohe S300 K408 eea $AH% S94R NS PSS 598 SOnd Seve Mmen TveS S44m Seem eV e Fim Se¥% $40e 408 es Suwn G4 e S04 SO4L Tebe s ors AR Gave SHed S Seve PesT ERFS ead Fard SHb S o4® Sedd Pome UL P00 ot S0 w FOO8 4000 e o e
{3] T

[a] 'ETORM FURGE INEO:!

(= ‘Enter storm surge elevation in feet NGVD:S

[é6] S+

£73] '"Enter the rveturn event which this storm surge rvepresents'’

[8l ‘{e.g., 190 for the 100-vear return event):'

[?1 RETFEReQ
[487 ‘'Source of storan surge information {(e.g., NQaA, U of F, etc.,):!
411 SOURCE<D

CA2T 9336 2656 3 36 36 08 16 36 96 36 46 36 96 336 36 96 96 96 46 36 3636 3696 36 36 6 36 36 36 36 96026 3636 6 I 3606 66 0 I HHE IR M HHR KK
137 JSEGNO«JEQNQ+1
£i4] START
L~/
YCOUNTYLOl®
v COUNTY
47 CHKTT+1
£[213 'County MName:'
£31] COe
[4] 'Year of Survey:'
(53 YR-1
(= 'Profile Number:'
L7] F2¢03
[8l 'Shape Coefficient:'

£e1 FOWeD, 23

C10] FNie(34C0), 24YR

£4171 FTi«'CCCL RY!

[12] PFROFILE

[437 DIST+AA

[147] XORGeXOF«X

F4571 YORG+Y

[167 COe(i&PTITLIA" "2y /4464TITLA
471 RANGEe(i1D18]%" "M/FP1[\8]
[18] DATE«FI[88+\7]

[i19] 'STORM SURGE ELEVATION:!

[263 S«0

[24] START
v
YFROFILECO]Y
v FROFILE

[13 CLOSEALL

[21 FN{ OFEN FTi,'( FIX 379°

£3] TITLI&GET FN1

[4] X{eXiteYieyiiero

£31 LA:PI&(GET FNI)Y,(GET FN{)

£61] Fi«(80%P1{),B80MP1

{71 FRO{«FROF{¢10

81 Ted

L2] NOFNS1€lo.2xeNieFI[105 1046 1077

&4



riel
i1l
riz23
L1317
Li4]
Lis1
[ia]
L1771
£181
£19]
£20]
[211

[2z

. [23]

[24]
251
[26]

L237

{13
£23
L33
4]
£33
[4]
£71
L8l
L[93
£Li0]
[1413
L12]
L1131
L14]
£is1
Lisl
Ci7]
£isl
Liel

[20]
£21]
L2z

£231
241
£257
L2467
£273
28]
[29]
[301]
[31]

L2 FROY «FROT, GET FNY

FROf epSEOPROAY

IeI+1

S22 VIINOFNS1+2

FROT € 754FRO

[EAK]
LA PROF{«FROFY , (APROICV? D) , (APROT LB+

FRO4«15FROY

NeM+1

H AX VNS CANT Y +1

DATAf € (L pFROFS 3+2),2) o FPROFA

HLEXVIRNG F10v81X¢(F2

T+oXe(DATAIL; 2120 /DATAIL; 1]

Ye(DATATL; 2J:0)/DATAYL; 2

DATAYLI,I+4;2] LINEAR DATAYLI,I+1;1]

Xe~{ | {X-AAa),0)

Ye(Y,0)

LI VIRNG PICYBTICP2

9

YSTARTLOIY

? START; II; DOMHI;WSTT,; XBCO,; XBRTO; X110

YOFeYQRG-S

CHET«0

DREL&({AYORGL¥YORG])~-S .
DFIFeDXFIF¢BRDATINDAT«TRDAT«ONDATCERDATRFDAT«FRDATH1Q
HEDATeRRDATEMAXESIGEAVREHIO® 10

277260

YTV YT YOOV YOV VOV R YO R YR TYeOvYYYRYYYYvVYY YR YYY !
! VLEO, Y COUNTY; DNR Monument ', RANGE

! BARRIER ISLAND CREST ELEVATION = ', {¥DREL+S),' FT NGVD.®
! STORM SURGE = ',{(¥%8),' FT NGVD; as = ',FFOWLT]
' AMAAAAAAAAAAAAAALAAAAAAAAAAAAAALAAAAAAAAAAAAAAAAAAAALALNAALAAALAAALAAAAL
Tef4X ((HIeP(Ie N 20)+32.171%0.5
LX HBEHILII x4 —-0.4x070100XHILI =32 17T IeI+1Jn2

HIFP&HI¢{+I4HI
LUR : T4 (HI+32.17)%0.5
HF3IXATC2

2ZZ2¢72Z7+4

U606 26 F 965 6 36 6 96 36 362 06 26 3696 636 26 203906 36 36 363696 36 I TEI0 03 6 I I T6 T 696 36 I N6 I I KM IR R R
'WAVE RUN NUMBER: ', {(F¥ZZZ),' aoem Hi = ', (FHI),' ft eeed T = ', (¥7),' sec
' Hb T Lb At dbt’

! (ft) {sec) (ft) (fi) (ft)*
HLFPIXV(HEC | DRELY ACDRELCG)

ZZ¢0

AxxxxRxexs® WAVES ACTIVE ON FOWER CURVE OFFSHORE FROFILE #%%%%%%%%%3i%

AEERAREERXXAXXAXAX USE PARAMETRIC FPROCEEDURES 26363536 36 36 3 3 36 96 % 3 96 3 3550 3 36 36 36 36 36 36 %

LP1:ALFPHAKAY

LZeZL+A

L FPE2XV(HR+H(2+3)x-8) 40

XROO&( (| HB+(2+3 ) x~8) +(2+3) ¥ POWES 1) #1 +FOWL2]

HLP2XV (XBCO-32xHE) (D

BRDATEXRLO, (XBCO+O. 25X HR+WETE*0.3) , (~HE) , (MBx1,1.23,1.37,1.57),T,LE,HL,
RREDAT

&3



£323
L33]
[341
£35]
[36]
£371
£381
L3913
L40]
£411
L4237
£43]
447
[45]
L4681
£47]
487
£491
£so]
541
£521
£531]
[54]
[5357
[58]
[57]
£583]
[59]
[60]
[611]
£s62]

[631

[s41]
[45]
[66]
{671
£483
Lo7]
L701
L7413
£721

L7313
[741
L7513
L7867
[77]

£13
£L23
£31
[43

SLP2x ({1 62HRI~5)LO

XBTOC( O (L AXHBY -8 +1 L 2XFOWLI 1) % +POWE2] ) +7%x~§
TRDATEXRTO, (~1.6XHR) , TRDAT
HIHReHBXO . 26X %70 73XWSTE

TReETXC7OSXUSTRI®Q. 18

DOMI . 281 .537Xa7065XWSTTEHI+32, 1 7xTRR2
HPFR&HIXO.5+(1 .25 (1 +DOHI Y X1 . 462X WSTT#1 . 053)%0.35
LRELEX(T00.P5xWSTEXQ.5) %0 .45

XITOe( ORI Sy +PORET 1) i +FOWL2]
INDAT&XTIO, HFLeHFPI, T, L0, INDAT

AL Z T

RFDAT#( (XBCO+0.25xHB+WSTE®),5) ~32xXHE) , HFR, HR, TR, LR, HE&, HI , RFDAT
Pt OFFRAR: ', 10 1 TRRDATL4 8 2], TRDATLY 2]

T«TR ’

L XV ZZ=1

SLFEXVECRRDATE S I-XBCO) 240 HRDATLIOD)

BRDAT«1{ GLERDAT

INDAT«S4LINDAT

TRDATE2YTRDAT

HI&#HIFeHIF-CONST

HLWRXVHIYO

+LF3
LF2: 3PSV ({XBCO~40xHRIOYAZZAS
AXHEHHWFHRRERRRRE WAVE REACHES ONSHORE RBATHYMETRY %336 3996 3% 36 36 3696 46 36 36 36 96 3 6 % 3% 3%
ARERERENXNARAXXXEXIE FROCEED WITH TOTAL PROCESS 5963656 36 3 59 6 36 36 3636 96 % 2 96 56 36 1 36 36 3¢
JHBRAR

SLF3XV(HEC I DREL)) ADREL 20

HFa4x\FZ=14 _

HLPSXV(BRDATLI I-DXFILA13<1 .1 x40xBRDATL4]
LF4 :BRDAT&DXFILS B81,DFILS], (HBX1,1.23,1.37,1.57),T,LE,HI, RRDAT
TRDATEDXFIL3],DFIL3], TRDAT

' ONBaAR: ', 19 4 F¥BRDATL4 8 97, TRDATLY 2]
INDATEDXFILeDXFI] , HFCaHPT, T, L, INDAT

SHr o= L OFHRY, Y Tr o= ' LFTRY, Y YHy = 'L (FDR+S)Y, ' Yitopo = !',F¥YFIR+S
RFDATEDXFILI I, HRP,HR, TR, LR, HE,HI ,RFDAT

ONDATEXFRST,YFRET, HI, ONDAT
ERDATEXFRST,YFRET, ALEE, ARAR, ASTS ,HE,DXFIL3 4 531,DFIL3 4 57,7T,ERDAT
H P3NV HES [ DREL) ADREL (O
LPS  HIHMIPeHIF-CONST

SLWRX1HI G
L3 0 ¥ 9646 36 96 96 36 36 96 36 9 6 36 95 96 36 36 36 96 36 36 96 36 36 96 26 36 36 76 36 6 6 36 36 96 26 36 36 96 36 06 16 3696 I 3606 36 36 96 36 I0 36 36 36 6 36 36 36 36 26 36 36 6 36 H B B

"Hi initial wave height. T = wave period. Hb = shore-breaker height.'
'ILb breaker wave length. Xbt = digstance from zhore to bar ftrough.'

'dht = water depth from storm surge to bav trough.’

V336 B MR AT NN I 6T IE I IEH I I I WAL IE I R RN NN NN
JHEDAT

7

0o

CJIHEDATLO]®

v JHREDAT
BRDATT#BRDAT&(((pBRDPATI+10),10) pBERDAT
TRDATTETRDATEMATORD(((p TRRPATI+22,2) o TRDAT
INDATMATORDC({ (pINDAT)~4),4) 0 INDAT
RFDATTeRFDAT(( (pRFDATY+7) , 72 aRFDAT

b4



=
L]
£73
£8]
£91
[101
L141
[12]
L1323
L14]
[i5]
L1861

i3

[23

[3]

4]

L3]

L8]

L7]

(81

{21

[ie1
Li4]
£i23
[13]
Li4]
Ci5]
L1463
[i7]
£i83
£i91
[201]
[211
[22]
£23]
[241]
£25]
[26]
[2v

£a2sy
£29]
[30]
[3413
[323
[33]
[34]
[35]
[3&]
[37]
[£383
£391

ONMDATT«ONDATE(( (pONDATI+5),3) pONDAT
ERDATT+ERDATE( ((pERDATI=13),415) pERDAT
BRDATTL; 4 5 & 7I¢RBRDATL; 4 5 & 71+«5S+0.B4xRRDATL; 4 53 & 7]
RRDATTL ; 3J¢RRDATE; 31¢S+BRDATL; 3]

TRDATTE ; 23¢TRDATE; 21«S+TRDATL; 21

INDATL; 27¢S+INDATE; 2]

RFDATTL; 23«RFDATL; 21«S+RFDATL; 21

ONDATTL; 3 41¢ONDATL; 3 41¢S+ONDATL; '3 4]
HLLXVDREL =0

JHEINUNA

30
LLL: JHEHREC

v

YJHEINUNALO]Y

7 JHEINUNA
AxxexxExrEx® HORIZONTAL/VERTICAL RECESSION DETERMIMATION ®%%XXE%#XEAERE
8 Determine the eroded topographv/bhathymetry, final bar-breaking wave,
a8 reformed wave, and ensuing shovre~breaking wave conditions (the last
A two are dependent on the eroded topographic conditions).

NOTAK«2 '

LR CF4«(NOTAKM+OONDAT ;170 JHEBLIN(NOTAKENOTAK+I )Y «DONDATL ;47

ID&EAONOTAKADONDATLE ;5]

SLPFIXVINOTAK+Y ) 20X

DEVEC | YINOTAK+4 1)~ 1 CFI[1 J+CFIL2IxXINOTAK+1 ]

SLPF1 2V (DEVEI YAONDATL (i o ONDATY-NOTAK; 3T XONDATL (1 4p0NDAT) -NOTAK; 43
LEZ Ne(N-1), Ne{ +p {XORG{ONDATINQTAK ; 1 1) /XORG
LP2:CF2eX0ORGINT LINEAR YORGINeN-1]

YOVRECFI DY J+CFRI L2 XOVRe(~CFi 1 1-CF2LI 1»+CFi[21-CF2L2]

SLF2VC{XOVROXORGENLI I v {XOVROXORGENLZ2I D) YANL I 1-1 120

XX (ONOTAKMPONDATL ;30 , (TRDATL; 1 1>ONDATL i 2o ONBAT; 1 1) /TRDATL ;1 1

YYe(ONOTAKAOONDATL;40) , (TRDATL; 1 JyONDATL i1 420NDAT; 1 1) /TRDATL; 2

TRDAT(XOVR, YOVR) , [1I0(2, oXXda XX, YY

FLF{OXINCTAK=142(ONDAT )

ONDAT«ONDATL{(+/0ONDATL; 574IDY V| {i2p0NDATL; 1 1)~ (+/0NDATL;S3ICIDY; 15]
LF{O:ONDATE(ONDATEY;: 1 4 3 3 573,047 ONDAT

BRDAT«RBRDATL(+/BRDATL;103<IDY M +/BRDATL; 10321ID;116]

RFDATERFDATL(+/RFDATL; 1 J<{BRDATLI ;13 ideRFDRAT 7]

HB«S-RRDATL{; 3]

T«RRDATL1;8]

JHEREFM

RFDAT((RFDATTL+/RFDATTL; ?1x1ID;41), (S+HRF) ,HR,TR,LR,HR,HI), {11 RFDAT

HI+RFDATLY;33]

TERFDATLY; 4]

ALFPHAWAY

SLFAXV(S~-TRDATLY;27)>1.28xHE

CF4eTRDATL12; 1] JHBLIN §S-TRDATL[2;2

Xe( (], 28xHEY~CF4[4]y+CF4L2]

RRDATE(X, X, {S-1.28xHR), (£+0 . 84xHRExY , 1 .23, 1.37,1.57),T,LE,HIY, 1] BRDAT
AEXHEREHH NN ARNHRHRW%E%E QVERWASH STIMULATT DN W6 396 36 36 3 56 36 36 36 36 36 96 9 36 36 3 36 36 3636 3636
a Determine the area of material 1o be overwashed.

LR XeXOVR, (XXFXOVRY /XX (XORGLTRDATER; 1 1) 7X0RG) , TRDATLZ2:4 1

e (YOYR, { (CXXEXOVED) /Y ({XORGSTRDATLZ2: 1 1Y /YORGY , TRDATL2,;270) -8

XFeTRDATE 2549 .

YP+{TRDAT[2;27)>~-8§

&7



L40]
[441
[42]
431
F44]
L4557
[46]
L4711
[481]
L4937
[501]
[511]
£s52

333
[54]
[55]
[563
[371]
[581
[59]
[&b]
L6131
L8621
[&3]
[&64]
[65]
[66]
[67]
£481]
5917
L7031
£v41
Lvi]
[73]
[7473
£751]
[76]
L7731
£781
Lvel
[80]

13
£2]
[31
41
[53
La]
£vi
£e3l
£93

SLFDXY(pX)=1

ONAReAREACALE
LFS XOVF«XOVR

YOVFFeXOVPFe1 0

A Determine displacement and distribution aof the overwash matevrial.
LAY+ ((CFILI I+CFI L2 XOVFeXOVP-1) , YOVFF, YOVR) -5

XeXOVF, XOVFP, XOVR

XFeXOVP, (XXEXOVF ) /XXeCOXORE CXOVR) ZXARG)Y , XOVR
Ned(N+1) , Nep (XORGCXDVP) /XORG

SLPCXAVXTI JCXORGE ]

CFR«XORGINT LINEAR YORGINJ

YRPeCFEL4 J+CF3L2TxXOVF

YRe (YR, (OXXEXOVR)Y /O OXORG{XAVR) /YORG) ,YOVR Y-S ‘
AOVReT{ xAREACALR

HLFEACFIL2]=0

SFPAXV(CAOVRICONARY ACS+YL[1 ]I {S+DR

TRDATE(R 2 2 oXPLIT,. X013, CYPLI3+8),YE40+8), 041 TRDAT

BRDATE(XOVP, XDVFP, YOVR, (S+0.84xHEBx1 ,1.23,1.37,1.57),T,LB,HIY,[11 BRDAT
JHBRREFM

RFDATECLRRDATES ;4 T~XBR)Y , (S+HREF)Y, HR, TRLLR,HE,HIY , T1] RFDAT
LFB:CF1«(YQVPF&S+DRY , 0

XOVFFeXOVF

LPAX YOO ADVR) CONARD

LEC:TRDATe(R 2 2 oXFI1T,.XEAT,AYPLID+8) ,YEA3+8) , 010 TRDATLI$Vi+pTRDAT ;2]
A Eventually determive if shore-bhreaking can occur upland of the

A overwash ... if not determine where Hr and the paost-shore-~broken
A wave crest elevation merge.

AXNEEEEHNHNANT DATA MANAGEMENT FOR FINAL PLOTTI NG %3696 36 36 36 5 36 38 5 506 36 5 36 3 36 3
LFD :YOFF&~FOWLf IR(XOFF«1OX LS MITRDATL; 1 10 +1 0 FQWER]

X { (XOQRGAONDATLT ;1 1) 7X0RG) , (XORGLONDATLY; 1 1) /YORG
ONDATE(IR{4,{aX)+200X) , L2 aXy+2)pONDATLI;31), 017 ONDAT
Xe({(XORGETRDATEY ; 1 1) /XORG) , (XORGETRDATLY ;110 /YORG

TRDATe ({2, {oX)+2)X),[11 TRDAT

SLSTX1CHKTT=1

OMDATL; § 1+DIST+ONDATL; 1]

TRUATL; 1 1¢DIST+TRDBATE; 13

BRDATL; 1 J¢«DIST+ERDATE; 17

RFDATL; § 1+«DIST+RFDATL; 1]

XOFF«X0FF+DIST

XORGEXORG+DIST
LST: JHEFLOD

v

v JHEREFML{O]w

v JHBREFM

8 Determines the reformed wave characteristics following shore~bresking
a aver Llongshore bars., This function utilizes data created by function
a aLFHaWAV. ’
SSLE(XRCFe4OXHR) - XRR&I2XHH

HR&HBZO 26X %2701 75XUWSTRHB-32 .4 7xT%2

TR+#TX (FOSXUWETR)%#O .18

DR&+~HRX{.28~1 . 57X07045xHR<32. {1 7XTR®2

HREFEHRXG .5+ . 258 (HR+ [ DRIX{] L 462X (HR+32 . { TXTR%2)%#{.055) %3 .8
LReLEX(700.95xWSTEXO.5) %0, 45

7

68



YIHBHRECI I
v JHEHREC
(17 exsxxxxxexxd HORIZONTAL/VERTICAL RECESSION DETERMIMNATION #X%N%RREXiHEH
27 n Determine the ervoded topography/bathymetry, final bar-breaking wave,
[37 8 veformed wave, and ensuing shore-breaking wave covditions (the last
47 n two are dependent on the eroded topographic conditions).
5] NOTAK+2
[87 LP{:CFi«(NOTAKAXeDONDATE; 11 JHBLIN(NOTAK«NOTAK+I )AY+PONDATL ; 47
£71 ID&{ +ONOTAKMGONDATL; 5]
£8] SLF3XV(NOTAK+1 ) 2 pX
[?] DEVE&C | YINOTAK+1 1Y~ |CFAiLI J+CFAL2IxXINOTAK+1 ]
107 SLP{XV(DEVEI YADNDATL (1 4+pONDATY-NOTAK; 3T 2ONDATL (1o ONDAT)-NOATAK ; 4]
47 LPI:NE(N=1),Ne1+a (XDRG(ONDATINGTAK; 112 /XORG
127 LP2:CF2+X0RGEINT LINEAR YORGINeN—-11
(437 YOVR«CFI[iJ+CFIL212XQVRe(-CFI[1 J-CF2L1 1) +CFIL2T-CF2L2]
L4147 =LP2u{ (XOVR(XORGINDI TIIVvIXOQVRIXORGINL2IID I A(NEI1 ]9 250
[457 XX+ {(pNOTAKAPONDATE; 11), (TRDATL; 1 I>ONDATL i 420ONDAT ;1 1) /TRDATL ;4 ]
Fial YY+«(PNOTAKAQONDATE;40), (TRDATL; 1 J>ONDATL i e ONDAT ;4 1 /TRDAT; 2
[47) TRDAT=(XOVE,YOVR) , [4IR42, o XX 000(, Y
[487 <=LPi0O W NOTAK=14+00NDAT
[497 ONDATEONDATL(+/0NDATE;SI<ID)+ 1 Ci4eONDATE ;4 D) (+/0NMDATE; 51<IDY ;1 5]
T207 LPO:ONDAT«(ONDATEd; 1 1 3 3 510,010 ONDAT
24931 EBRDAT«BRDATL(+/BREDATL; 10JCIDY\+/BRRDAT;101:ID; 107
[22 REDATERFDATL(C+/RFDATE; 4 1(BRDATLI ;1 1Y vidpRFDAT AV
[237 HB«S-BRDATL1;3]
[247 TeBRDATLI;83
£2531 JHRBREFM
[267 FRFDAT&((RFDATTL+/RFDATTL; 71sID;10), (S+HRP)Y ,HR, TR, LR, HB,HI),[{1] RFDAT -
27 HIRFDATLS; 3]
[287 TeRFDATLT;43
[297 ALFHAWAV
[307 CFA«TRDATL12;4] JHELIN S-TRDAT[1\2; 2]
[347 X&({(5.28XHR)~CF4L13)+CF4L2]
327 EBRDATe(X,X,(S~1.28xHRBE), (S+0.84%xHRExT,1.23,4.37,1.57,T,LB,HI), 1] ERDAT
[33] aswexrekknrnwenniir FINAL SHORE-BREAKING AND RUNUP 903536 5% 9% 3 3 96 96 3 96 9 3% 3 36 3% 3 3 3
[347] T Dynamic Setup Included in the Storm Surge Level ?°
[357 ANS<l
[357 FAC+0O
371 <LF&XIANSLII="Y"
[387 FAC+0.3xMR
27 LFS&:TRDAT«TRDATL 141140 TRDAT; ]
[407 RDIST«TRDATELt;§]1-1
Fr4471 LF4:RDISTERDIST~14
[42] LR+H.GEX((HRB®2)Y+RELF#{(S~TRDATL1;2J)+|RDIST~-TRDATL1;1])%0.53
437 2LPAaXV(JRDIST-TRDATLY ;1Y (LE
F447 BRDATLI;13¢TRDATLY; 4]
[45] JHRBONAR
F4467 TRDATE((O.SXRDIST+XR),S+FAC),[1] TRDAT
477 X+((TRDATL;1I{O)/TRDATL;13)~-THRDATLY ;41
[487 Y& (S+FACIY—=(TRDATL;1J<0Y/TRDATL ;2]
[497 AF&(+/YXX#2+T)++/X%4+3
[507] X+TRDATLT;§1+XXed , 10 L (TROATL2; 1 1-TRDATLI;1]1)+10
[549] Y& (S+FACY-AFXXX%2+3
[52]1 TRDAT«{(®(2,pX)0%,Y),[1] TRDATLAH\{MeTRDAT; ]

&9



£331
[54]
[£35]
[561
£57]
£581]
[39]
[&0]
Fé611]
[&2]
[43]
N
[65]

- L6647

L4671
£é81]
[6%91
L7l
£v4i1
£v23
L73]

L3
L23
L3]
£43
[53
L&]
£71
el
£?3

Li9]
Li11
£i21
[13]
[14]
[15]
[16]
[173
[183
Li%9]
£z2e3
L2131
£22

£232
[24]
£23]
[2461]
L2731
r2e1l
£291

FINX«TRDATLY ;11
LPS : XeXDRGLP(N+T ), (Nep (XORG{FINX#FINX-1)/X0RGE) ]
CF53¢X JHBLIN YORGEN,N+1]
SLPBX U] (LSHFAC) = (FINY« | CFB[{ I+CFBL2TIXFINX )+ TRDATL ; 1 J-FINX) 1
TRDAT(FINX,FINY), 1] TRDAT
LFD:YOFFe~FPOWLY JX(XOFF«1 0 L (I MPTRDATE ;4 1) +10) #FOWL2T]
Xe ((XORGZONDATL ;11 /X0RG), (XORGZONDATLY; 11) /YOREG
ONDATE( (R4, (pX)+2) 930, [274(pX)+2) pONDATLE;517) , L1 ONDAT
Xe((XORGATRDATLS ;4 1) /X0ORGE) , (XORGLTRDATEY ;1730 /YORG
TRDATe(R(2, (pX)+2)pX),[1]1 TRDAT
SLETX 1 CHK TT=1
ONDATE; 1 J¢DIST+ONDATL ;1]
TRDATE; 1 J«DIST+TRDATL; 1]
BRRDATL; 1 J#DIST+ERDATL; 11
RFDATL; 1 J¢«DIST+RFDATL ;1]
XOFFeXOFF+DIST
XORGEXORG+DIST
LET :#LASTXVTRDATL i +.5xpX; 23(8
JHEFLO
40
LAST : JHRINUNA
v

CIHEONARTDDY

v JHBONAR

10
LOOF :DATHX«ERDATLI&I+1; 3

2LO00FXVERDATLI; BI#(BRDATL2;4]1-3)+0.84

ERDATe 1 15 aDATX .
pxxxxxpinnxxr CALC AREA AVAILABLE FOR OFFIHORE DEFPOSTITION ®3%%%EEX8%ELE
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[301 DRAW B
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[34] B WRITE(,ECOLC(C(p,BEY |ASICITI~1) e +,1]
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[i] & Function prepaves data for plotting. It ig dependent on the values
[27 & MIN and MAX given in the plot function JHBPFLO, and on a counter ONT.
[3] SHFepX
r41 +LF{X1CNT=1
sl MINXeMIN
[&6] Ne+/X0; 1 J4MIN
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[181 XAMINX, ((X1zMIND/ZXE (X[ ;4 15MAX) /X0 471), HAX
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[207 SLFSXU1N=0
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SMONTIMIO]Y
T MTeMONTIM; MAT; MIN; TIME
[1] a Builds a date/time vector for plottivg purposes.
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£3] MIN#TOTSLS] '
47 P (pFOTSLS])=2
(53 MIN«'D',vOTS[S]
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¢ JHEDEMO
i1 a A demonstration function for building longshore bars for a single
[21 & incoming, initial wave condition.
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3 NNEQONN+T Y, NNei+p (X001 .1 XXSEC)Y /X0
[47 LPI:CFieXOINN] LINEAR YOLNNeNN—-1]-%
£53 LP2:YFIRCCFIDII+CFI[2IX(XFIR&XFIR~-0.1)
[8] P2 LA XSEC)-XFIRM(YFIR-DFIFL21) AXFIREXOLNNLT ]
[?73 HLFIx (] L e XSECI=XFIRI{YFIR-DFIFL2])AXFIRSXOINNLI]
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[347 WVIEW
[357] LP3:AREARAR
9

77



11

L2327

[3]

[4]

=

&1

£71]

£81

L?1

L1e]
L1141
£+121
L4131
L14]
Ci5]
L1637
L1731
[igl
L1791
[203
[241
[22

[23]
[247
£253
£241
£27v

£281
£293
[30]
317
£321
[331]
341
[35]
£346]
L37]
£381]
[391
L4901
L4131
L42]

£11
£23
[3]
L4]
£31
L&]
L£71

vALFHAWAVITY

v ALPHAWAVPHIY;PHIZ

A REVISION DATE: June, 1983

f PROGRAMMER: James H. Halsillie

# DESCRIFTION: This standardized, interactive function transforms

A wave chavacteristics during alpha wave peaking in the shore~hrealking

R process. Transformed characteristics include the wave height both

=

C = local wave speed during alpha wave peaking.
. = local wave length duaring alpha wave peaking.

b v 4

ALFHA WAVE FEAKIMG CALCULATIONS.
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A CALCULATE WAVE SFEED AND WAVE LENGTH TRANSFORMATIONS.

CReCT .HXB2.i7eHR)I %0 .5

HPOHIACO,84-0.307x700 . 3%xDI0OHI-4.28
CI+CEx1.84x(0.70VBXDIOHI*0. 4353 x({+HFOHIA) #™1
LeTzCeCI~{4=(D0OH~{.28)+DI0OHI-1.28)xCI~CR
LReTX(§.6%X32.17xXHRI®O .5

WSTReHB+32.17xTx%2

<

2JHEDISTIO]w

v XeJHEDIST; X;N;CF

# Finds the initial position of the longshore bar for determination
a8 the bar stoss slope bhathvmetry.

Ne"{+oY0
LPY  NeN—4

SLPXINDf =0

CFReXOIN,N+1] LINEAR YOIN,N+17J

SLF4XADFLI]>YODN]
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A absolute and ahove and below the still water level (SWL), wave speed
AR oand wave length.

A REQUIRED INPUT:

A HI = initial incident wave height in feet.

AT = initial incident wave period in seconds.

A COMFUTED GQUTRUT:

A WSTI = initial wave steepness for alpha wave peaking.

A DI = water depth at which alpha wave peaking ig initiated.

# HE = shore-breaking wave height.

A WETIF = initial wave steepness for predicting the amount of the wave
f lying above and below the SWL.

1 H = local wave height during alpha wave peaking.

a HF = amount of the wave height lying above the SUl..

a TP = amount of the wave Lying helow the SUWL.

A CRB = wave speed at the share-breaking pogsition.

f# CI = wave speed at initiation of alpha wave pealking.

of



£81 Xe(DFL11-CFL1 D +CFL21

[91 46

[i103 LP:Xe0
tl
YhREARARLO]Y

v AREARAR; I
£93] XBLC#19
£2] Ted
£3] XLAST (| S+YLASTY+POWLS 10 %4 +FQUWE2]
F4] LP2:ALFPAXV{XFRSTL1120)ADREL:O
31 DXF&DXF~DT+2
-3 sLFR :
[7] LFA:DXFeDXF-DTe¢A
rgl +LPEX 1 {I= 1)v(ﬁBﬁh~lﬁLFF+A§T$)(“
[e] DXF&DXF~9
Ci0] LFB:JHRFRET
C41] TI&I+d
427 DXFI«XFRST,DXF,XLAST
437 DFIYFRST,DF,YLAST
447 JHELEST
L1451 JHBSTSI
167 40X (YSTIS+5) 20
4777 n xwxxmmmxreneknnntixr CALCULATE HAR CREST AREA HEXXUXAAXERXBERREXE AR ERRER
187 XeXLEE, ({XAXXLEEY /XA« (DXFI(XSTE)/DXFI), XSTS
427 Y&YLEE, ((XAXXLEE) /YA(DXFICXETEY/DFI),YSTS
F207 XPeXLEE, ({XAXXLEE) /XA« (XOXITS) /X3, XSTE
L2947 YPeYLEE, ((XAYXLEE) /YA« (XD(XSTSH» /Y)Y ,YSTS
£22 ABAR+AREACALR -
23] A mxxexxnExfErxEX*xx® CALCULATE BAR TROUGH AREA #XXEXWHAREXR XX HREX XXX RRHHE
[247 X&XFRST, {((XAXFRETL11)/Xae(DXFI{XLEE)/DXFI), XLEE
L2357 Y+YFRET, ((XAXXFRETLI D /YA«(DXFI{(XLEE)/DFI),YLEE
[268] XFPeXFRSTLAD1, {(XAXXFRETLI 127 XA« (XO(XLEE) /X0) , XLEE
£277 YPeYFRSTLAD, ((XAXXFRSTLI D)/ YA+ (XOCXLEED /YD), YLEE
[28] ALEE+AREACALER
[297 a wxxxxxexrxsxxrndk® CALCULATE RAR STOES AREA 3963636956 % 53 06 26 6 96 36 36 36 6 2 636 3 96 3 % 6 36 3
L3077 1LY XeXSTS, (XSTE+DT«DT+2) , XLAST
L3141 YeYSTS, (0T 28xHBY -FOWSTLY I (XL2]-DXFILB1) #FOWETEZ2]) , YLAST
[32] XPeXSTS, ((XAYXITII/XA+LXO(XLASTI/ZXO) , XLAST
[33] YPeYSTS, {{XAXXSTS)Y /YA (XK XLASTY/YO) , YLAST
[34]1 ASTSecAREACALR
L3577 a suxxexksxr TESSELATION OF RESULTS FOR AREAS ASTS AMD ALEE #%E¥%XeXiRm%x
347 LPixV(ASTSPRTCOFXALEEIA(IX[R2I+2I{XLASTYALYL2I2YLAST)
[37] A wxxxxxxrwxxxxxx®id DETERMINE IF ABAR = ALEE + ASTS XE®®RENNEXRERIENEERER
[38] DFI«((DXFIKX[2)/DFL),YL2],YLAST
[391 DXFI«{(DXFI{XL[2])/DXFI),X[27,XLAST
407 =LF2XU{ABARY |ALEE+ASTS)VvALEE>Q
[497 LEReDXFILT{+aDXFILI-DXFIL3]
[427 XRC+(DXFIL&I-XECF),XRC
437 CF1¢«DXFIL3 8] LINEAR HEX(9.5,0.84)
[447 HA®HAL, (CFI[{1+CFiL2IXDXFIL3 4 5 & 71y, HF
[457 XHA«XHAF, (pHF)Y424DXFI
F467 HACQ((pHA) o XHAY VPHA
471 LF3X1\CHKT=1%
[483 =0



£491]
[50]
5117
£521]

Cid
L2]
[37
£4]

- 317

61

£L73

£83

L?3

L10]
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£i81
Li93
[20]
£213
£az

£43
£21
£3]
£4]
(=3
L6l
£71

[13
L2

[31
[4]
[51
L&ad
[7]
£ael

LRI :ERASE

Fae 1 2 47 ,STYLE 1 1 1 1

FLOTC(DFI+S) VE DXFI) AND(IYO+S) VE XO) AND § V& XO
VIEW

7

FUHBFRSTIODW

7 JHBFRST;I;N;CFi;CF2;CF3
A Finds the first two values of the bav trough bathvmetry,
fa and post-har hveaking wave characteristics for final shore~breaking.
A RRFXEFHERFRXHJA%XRXXE Coast Inundatod 5696588965096 363 96 36 36 563 % 36 96 36 56 36 9636 38 3 36 36
ASEC+DXF[5]-32%xHEH

NM& | +Ne@ N+ ), Nep(XD(XSEC)/XD

CF2eXOINT LINEAR YOIN]

XFRETXSEL, XSEC

YFRET#{(YFIR«CFRLIJ+CFRL2OXXSELC), DR

XHAFPEXFRSET

HATsHRF, HRF

+GX1VYFIREDR

YFRSTL2I«YFIR

.;@
A ORERRBERKERRAREXEEXX%E Coast Not Inundatod 6556565655 56 5696 56 9 36 3 96 36 36 36 306 36 36 36 36 % 36
LF3 XFIReXSED
LPECF4«X00NN] LINEAR YOINM&NN-1)
LP2:YFIRCCFIDI IHCFIL2IX(XFIREXFIR-0.1)
SLPZXV{XSEC-XFIRM{YFIR=-Q.3XHE) AXFIRZXOONNIT 1]

LT XV IXSEC-XFIRMI{YFIR=Q . IXHE) AXFIRSXOINNL T 3]

YFRET«YFIR,O.3IXHK

XHAPeXFRETXFIR, XSEC

HAI«0.3xHE, HE

]

YJHRLESI[O3w
¢ JHEBLEST
A Finds the LEE RAR SLOPE INTERCEFT (i.e., common point of bar lee
A slope hathvmetry and original bathvaetry) given by (XLEE,YLEE).
CFi+«DXFIL3 47 LINEAR DFIL3 47
NeTT+PIN+1 ), Nea (XO(DXFIL3] /X0
LP1:CF2¢X0LN] LINEAR YODLNeN+1]
YLEE«CFI DI J+CFI 202 XLEE«(~CFi L1 I-CF2L1 1y+CFi[27-CF2L2]
LI X XLEEXXQOENL2T
7

< JHESTSILO]S

7 JHRSTSI;N;CN;CF1;CF2

A Finds the BEAR STOSS INTERCEFT (i.e., common poaint of the bar stoss
8 slope bathymetry and origival bathvmetry) given by (XSTS,YSTS).
NeTi1+P{N+1 ), Nep (XO{DXFI[EI)/¥0

LF{ 120X 1 {NL2]+1320X0

CF{«X0IN] LINEAR YOLINeEN+1]
SLPEIVYOLNL2TI(ONe (T L 28X HEY~FOWSTL I 10 | XOLNL 2] J~DXF IR #FOWSTE 2]
CF2¢XOINT LINEARCTS L2BXHRBY~POWSTLI IR (XOINI-DXFILS8T ) #FOWUSTL2]
HAXICFI[2]=CF2L2]
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[?] HETE(~CFiL11~-CF2f1 D +CF1[21-CFRL2]
[10T YSTSeCF2[§ J+CFRL2IXXSTS
413 LFIXV(YSTE+S) 30

<

YLLINEARLI]Y

v ZeX LLINEAR Y;Y;X
Ci3 XX
L2 Yey

£33 BRe(YL2I-YLI D) +X[27-X[1]
£4] AACYL | J+REx-X[1]
L1 Z+AA, BR

v

T JHBLINCOD®

v ZeX JHBLIN Y;Y;X
£11 BRe(+/7 (X ({+/X)+pX) 3 XY )+ {4/ (X (+/KI+pX) ) %2))
£2] ARE({+/Y ) +aY ) - (BEX((+/X)+pX))
L3] Z¢AA, BB

v

YAREACALERLOIY
7 AREACAREACALER
i3 AXEAY+10
[23 I¢+4
F37 Li:AX+aX,(0.52Y[I+41+YLI)xX[I+43~-X[1]
£41 I«1+1
£33 H A2 IS(pX) -4

[&6] Ted
[73 LZ2:AY€aY ,{0.5xYFLI+{I+YFLTI ) 2XPL I+ ]-XFLI]
ra] Jel+d

re1 A2\ T pXF) -1
407 AREA€(+/8X)—-+/AY
o _
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